OBJECTIVES: Both clinical trials and observational studies of persons with HIV infection commonly include health-related quality of life (HRQOL) measures, but less is known about the relation of HRQOL to survival among persons with HIV since the development of effective antiretroviral treatment.
R ecent advances in HIV treatment have provided great hope for longer survival and better health-related quality of life (HRQOL) for the nearly 1 million persons in the United States infected with HIV.
1,2 However, little is known about the relation of HRQOL to survival among persons with HIV across the United States. Health-related quality of life (HRQOL) consists of the ability to perform daily activities, such as walking and working, and well-being, or lack thereof, because of health. It covers broad aspects of physical and mental health that are rarely assessed directly in routine medical encounters. 3 HIV infection is an important chronic condition in which to study HRQOL and survival, because of the myriad mental and physical manifestations over the course of the illness, and because of the high mortality rate. Both clinical trials and observational studies of persons with HIV infection often include HRQOL measures to evaluate the simultaneous effects of clinical interventions, treatment side effects, and disease impact over time. [4] [5] [6] [7] Some studies have also shown a relation of HRQOL with laboratory and other clinical end points. [8] [9] [10] While it is generally acknowledged that it is important for providers to be aware of these multiple domains of health in HIV, few studies have examined the extent to which HRQOL measures predict the outcome of HIV infection. In particular, it would be useful to know whether HRQOL predicted survival, particularly if it added information about survival that was distinct from that provided by traditional clinical variables such as CD4 count, AIDS-defining illnesses, and use of highly active antiretroviral therapy (HAART). Most of the prior literature linking some dimensions of HRQOL with survival predates the HAART era and therefore may not apply to current experience. Since the advent of HAART, outcomes of HIV infection have been improved, and the length of life for persons with HIV has increased. 11 In the context of HIV as a chronic disease, the clinical usefulness of HRQOL measures as predictors of survival has not been examined extensively.
To examine whether generic HRQOL measures can predict survival among persons with HIV infection in the United States, we analyzed data from the HIV Cost and Services Utilization Study (HCSUS). The HCSUS is a nationally representative cohort of persons with HIV infection who were receiving care at least every 6 months in the contiguous United States starting in 1996. The purpose of this study was to examine whether physical and mental HRQOL measures were associated with mortality at follow-up after controlling for markers of disease stage and treatment and sociodemographic variables. If HRQOL is associated with mortality in HIV, then measuring HRQOL may be useful as a risk stratification tool in clinical practice.
METHODS

Study Sample
Full details of the HCSUS sampling design are presented elsewhere. 12 In brief, the reference population was persons at least 18 years old with known HIV infection who made at least one visit, in the context of regular or ongoing care, to a nonmilitary, nonprison medical provider (other than an emergency department) in the contiguous United States, during the period January 5 to February 29, 1996 . The HCSUS used a threestage sampling design, in which geographical areas, medical providers, and patients were sampled. In the first stage, we sampled 28 metropolitan areas and 25 clusters of rural counties within the United States. In the second stage, we sampled a total of 148 urban and 51 rural providers. In the third stage, we sampled patients from de-identified lists of all eligible patients who visited participating providers during January and February 1996. We constructed several weights to adjust for the differential selection probabilities across subgroups of the population, one to adjust for nonresponse, and another to adjust for the fact that some patients had more than one opportunity to enter the sample. Applying the weights permits inference to the population represented by the baseline sample. We sampled 4,042 eligible subjects, of whom 2,864 (71%) completed full baseline interviews. After obtaining informed consent, all interviews were conducted using computer-assisted personal interviewing (CAPI) programs designed for this study. Baseline interviews were conducted between January 1996 and April 1997. Patients were followed through December 1999 to ascertain survival. The median duration of followup was 41 months.
Mortality Assessment
We used several methods to assess death. Field staff interviewed participants' family, friends, or other contacts and examined newspaper obituaries. In addition, mortality searches were done under Equi-Fax Government and Special Systems (now known as Choice Point), a national death registry. Equi-Fax identifies mortality status through the use of a national database that compiles information from death certificates processed in the United States. Lastly, we conducted mortality searches through the National Death Index. Mortality status for patients was checked in these databases by matching the patients' social security numbers with those in the national database. As of December 31, 1999, 486 (17%) of the 2,864 patients enrolled at baseline were deceased. There were 19 (o 4% of deceased,o1% of total) patients for whom the date of death was only known within a range (5.5-15.1 months); we imputed the date of death randomly selecting a date in the interval during which death was known to occur. The results of the analysis were not sensitive to whether missing values were imputed at the high versus low end of the interval.
Measures of HRQOL
The HCSUS HRQOL survey included multi-item measures of physical functioning (9 items, a =0.91), role functioning (2 items, a =0.85), bodily pain (2 items, a =0.84), general health perceptions (3 items, a =0.80), emotional well-being (7 items, a =0.90), social functioning (2 items, a =0.82), and energy (2 items, a =0.74) at baseline. We also included a single-item measure of disability days (days in bed for at least 0.5 day due to health). As previously reported, we derived physical and mental HRQOL summary indices from the physical functioning, role functioning, pain, general health perceptions, emotional well-being, social functioning, energy, and disability days measures using factor analysis of these 8 scores. 2 The summary indices were transformed linearly to T-scores (mean, 50; standard deviation [SD], 10; higher scores represent better health) 13 and divided into quartiles for further analysis. In addition, we conducted analyses to assess the associations of the 8 original measures with survival.
Control Variables
In multivariate analyses, we adjusted for potential confounders, including age (18-34, 35-49, 50 and older), gender, race/ ethnicity (non-Hispanic white, non-Hispanic black/AfricanAmerican, Hispanic, other), educational attainment (less than high school degree, high school degree, some college, college degree or more), income ($0-$5,000, $5,001-$10,000, $10,001-$25,000, greater than $25,000), U.S. geographic region (northeast, south, midwest, and west), insurance status (private/fee-for-service, private/HMO, Medicare, Medicaid, uninsured), and HIV exposure group (intravenous drug use, male-to-male sexual contact, heterosexual contact, other). Lastly, we assessed the following control variables: CD4 count g., zidovudine and lamuvidine) plus certain protease inhibitors (PI; e.g., nelfinavir), combinations of PIs (e.g., ritonavir and saquinavir), or the combination of a PI plus a nonnucleoside reverse transcriptase inhibitor (NNRTI; e.g., delavirdine). 14, 15 All control variables were measured at baseline.
Analysis
Initially, we examined Kaplan-Meier tables and survival curves by quartile of physical and mental HRQOL scores. Differences in survival by quartile of HRQOL were tested statistically using the log rank test. Then we used Cox proportional hazards regression models to evaluate the association of physical and mental HRQOL with mortality after controlling for sociodemographic, clinical (CD4 count, CDC stage of HIV infection), and antiretroviral medication variables. Adjusted relative hazard ratios and 95% confidence intervals were computed to express the strength of association of being in each of the higher three HRQOL quartiles, compared to the lowest (fourth) quartile, with time to death. We also conducted a sensitivity analysis rescaling the continuous HRQOL measures so that 1 point =1 standard deviation. All analyses adjust for the complex multistage sampling design. Linearization methods in the survey analysis procedures of Stata 8.0 (Stata Corporation, College, Station, TX) were used in all models to account for clustering, stratification, and sampling weights, and to estimate hazard ratios, standard errors, and levels of significance. 16 
RESULTS
Baseline HRQOL and Subsequent Survival: Bivariate and Life Table Analysis Of the 2,864 persons (representing a population of 231,400 nationally) with HIV who were interviewed at baseline, 17% had died by December 1999. Characteristics of the overall population have been previously reported. 17 At baseline, the mean physical HRQOL summary score was 51.3 among those alive at follow-up, versus 43.5 among those who had died (Table 1) , a highly significant difference. Similarly, the baseline mental HRQOL summary score was significantly higher among those who went on to survive the follow-up period versus those who did not. In addition, those who died during the follow-up period were more likely to be older, and have less education, low income, public insurance, other mode of HIV infection, CD4 counts less than 50, and an advanced stage of HIV infection, compared to those still alive at follow-up. In Kaplan-Meier analysis, persons in the higher quartiles of physical health had significantly and monotonically better survival than those in lower quartiles (Fig. 1) . The unadjusted 48-month survival probabilities for those in the first through fourth quartiles of physical HRQOL were 93%, 89%, 78%, and 63%, respectively. Similarly, those in higher quartiles of mental HRQOL had significantly better survival than those in lower quartiles, but the effect was not quite monotonic. The unadjusted 48-month survival probabilities for those in the first through fourth quartiles of mental HRQOL were 88%, 83%, 74%, and 77%, respectively.
Multivariate Analysis of HRQOL and Survival
We found that those in higher quartiles of physical HRQOL had lower relative hazards for death than those in the bottom quartile after controlling for mental HRQOL, age, gender, race, education, income, region, insurance status, HIV exposure group, CD4 count, stage of HIV disease, and use of HAART (Table 2) . Specifically, those in the first quartile of physical HRQOL had only one quarter the hazard of death over the follow-up period compared to those in the fourth quartile. While the relative hazard of death declined monotonically with each higher quartile of physical HRQOL, the greatest drop occurred between the fourth and third quartiles. By contrast, in the same regression, there was no significant unique association of mental HRQOL with survival. For comparison, those on HAART had nearly one half the hazard of death of those on no antiretroviral medications, and those with CD4 count of less than 50 had 5.5 times the relative hazard of death compared to those with CD4 counts of 500 or greater. Other variables with significantly elevated relative hazards of death in the final model include older age, less than high school education, and exposure to HIV from other than male-to-male sexual contact, intravenous drug use, or heterosexual contact; variables associated with longer survival include lack of insurance and use of HAART. In a sensitivity analysis scoring the continuous HRQOL measures so that 1 point =1 standard deviation, the hazard ratio for physical HRQOL was 0.67 (95% confidence interval [CI], 0.53 to 0.85) and for mental HRQOL it was 0.99 (95% CI, 0.81 to 1.22) . To further understand the specific aspects of HRQOL most strongly associated with survival, we conducted additional analysis using the 8 original HRQOL measures (physical functioning, role functioning, freedom from bodily pain, general health, energy, social functioning, emotional well-being, and disability days) in place of the broader physical and mental HRQOL summary indices (Table 3) . In these analyses, only the physical functioning and bodily pain scales were uniquely associated with survival, after controlling for covariates.
DISCUSSION
HIV infection is a lifelong condition. Because of recently developed treatments, the majority of people with the infection can live with it for long periods of time, and have productive, fulfilling lives. However, the threat of losing functional capacity and developing complications that affect functioning and wellbeing often persists. Measuring HRQOL can provide important information about the effects of disease progression and treatment that is not captured in laboratory measures of disease progression such as CD4 counts. While an increasing number of studies in the last decade have utilized HRQOL scales as outcome measures to quantify aspects of disease impact, these measures have rarely been used as early predictors of survival.
In this study, we found that the physical health dimension of HRQOL was a strong predictor of subsequent survival. Those in the first quartile of physical HRQOL had only one quarter the hazard of death compared to those in the fourth quartile, while the greatest drop occurred between the fourth and third quartiles. The finding of greatest mortality risk among those with the most severe physical impairment is consistent with findings of studies in HIV prior to the HAART era. 18 Importantly, physical HRQOL added prognostic information over and above the standard clinical data we had available, namely CD4 count and stage of HIV infection based on CDC criteria. The magnitude of the effect of being in the highest quartile of physical HRQOL was comparable to that of using HAART versus no antiretrovirals in the population of American adults under care for HIV infection at the start of the HAART era. This finding suggests an important utility for measures of HRQOL in persons with HIV beyond that of a secondary outcome in clinical trials and observational studies. Measuring HRQOL in clinical settings may be useful for practicing health care providers trying to assess prognosis, and could lead to a search for prognostically important problems that might benefit from additional interventions. Some studies provide support for the findings of this study. In several studies of patients with HIV prior to the HAART era, investigators have found a strong association between functional health status and survival. 18, 19 In addition, studies of elderly patients have shown that mortality after hospitalization can be predicted by functional health measures, 20 and that long-term mortality is also predicted by functional health and general health measures in various populations. [21] [22] [23] [24] [25] [26] [27] Previous studies have demonstrated that patient-reported HRQOL measurement in populations with HIV infection provides important information about health outcomes that are important to patients. These studies have demonstrated significant relationships in persons with HIV infection between HRQOL and clinical conditions, access to care, antiretroviral therapy, social support systems, psychological well-being, coping strategies, spiritual well-being, and psychiatric conditions. 5, [28] [29] [30] [31] This study contributes importantly to the literature on assessing HRQOL in patients with HIV infection by also relating HRQOL (an intermediate outcome) with mortality (a distal outcome) in a national study. Previous studies in other conditions have led to controversy about whether it is worth the time and effort to routinely assess HRQOL in clinical settings. Some authors ague that HRQOL measurement in clinical practice settings may improve quality of care through increasing the detection of patients' problems with daily functioning and well-being, guiding therapeutic management, and leading to improvements in patients' HRQOL. 32, 33 On the other hand, some recent literature has questioned the utility and cost-effectiveness of routine use. 34, 35 The present study supports the utility of HRQOL measurement in clinical settings. The specific domains of HRQOL most associated with survival were physical functioning and bodily pain. This finding is supported by previous research indicating these two components as major indicators of physical HRQOL overall. 13, [36] [37] [38] In addition, this finding provides support for the usefulness of assessing physical HRQOL in clinical settings for at least two reasons. Recognizing the importance of physical functioning and bodily pain can help direct treatment to these problems and enable clinicians to improve HRQOL itself. Furthermore, these HRQOL deficits in particular may be reflective of underlying risk or illness severity that is not fully measured by lab values. Future studies should address the mechanisms underlying the link between HRQOL and mortality. While unadjusted analyses suggested a relationship between mental HRQOL and survival similar to that with physical HRQOL, the relationship did not hold up in multivariate analysis that included both physical and mental HRQOL in the same model. The bivariate association between mental HRQOL and survival may have been due to the positive correlation between mental and physical HRQOL, 39 only the latter of which was uniquely associated with survival. These varying relationships between different aspects of HRQOL and survival reinforce the importance of measuring HRQOL comprehensively in future research, to facilitate better understanding of these relationships. On the other hand, for clinical purposes, it appears that assessing physical HRQOL alone may be sufficient for prognosis of survival. This study had several limitations. We had mortality information only through 1999, so we do not know whether the association between HRQOL and survival that we found would extend up to the present time. Furthermore, the sample includes only those with known HIV infection who were receiving medical care, outside of emergency rooms, jails, and prisons, so the findings may not generalize to those settings. We also lacked complete viral load data on the baseline sample. The strengths of the study include the national probability sample, the inclusion of clinical covariates, and multiple years of follow-up in the post-HAART era.
In summary, this study revealed several important findings. There was a strong association between physical HRQOL and survival, but not between mental HRQOL and survival, in the final model. The physical HRQOL effect persisted after controlling for several clinical variables, including CD4 count, CDC HIV stage, and HAART, most of which were strong predictors of survival in expected directions. The magnitude of the effect of physical HRQOL was comparable to that of the clinical and laboratory indicators, as well as treatment with HAART. These findings suggest that HRQOL measurement in populations with HIV infection provides important information about prognosis and risk stratification that goes beyond the clinical variables we included.
